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Description 

FIELD OF THE INVENTION 

5 This invention relates to hydrogei adhesives and, more particularly, to poiyacrylate and potymethacrylate ester 

based hydrogei adhesives used with biomedical devices. 

BACKGROUND OF THE INVENTION 

10 In the medical field, when a biomedical electrode is used on a patient, it is generally provided with a metallic plate 

attached to conductive wires which are, in turn, attached to a monitoring apparatus. To improve conductivity between 
the skin and the electrode, a composition, usually a paste, a gel, or a cream, is applied between the metallic plate and 
the skin. The use of such a composition is often messy and offensive to the patient. In addition, the composition must 
be removed from the skin after use, either by wiping or by the use of solvents, both of which are also offensive. Fur- 

IS . thermore, the electrode is usually secured to the patient by tape having a conventional pressure sensitive adhesive 
(PSA) thereon. Removal of the tape causes discomfort to the patient, and the composition of the adhesive of the tape 
may induce an allergic reaction in the patient. 

To circumvent these difficulties, electrically conductive hydrogei adhesives have been developed. These hydrogei 
adhesives have replaced pastes, gels, and creams because they advantageously provide both conductivity and clean, 

20 residue-free removal from the skin surface after use. In addition, depending on the partbutar application and electrode 
design and on the nature of the hydrogei adhesive, hydrogei adhesives can be used alone-without a conventicnal 
PSA to secure the electrode to the skin. This is a result of the hydrogel's own specific adhesive properties. 

Hydrogei adhesives differ from conventional PSA's in several respects. PSA's generally consist of poiyacrylate 
polymer, or a polyolefin polymer combined with a tackifier additive. Monomers used to prepare poiyacrylate PSA's are 

2S long chain esters of acrylic acid such as octy! acrylate. These particular polymers are inherently tacky and adhesive 
in nature. Polyolefin-based PSA's are prepared from rubber-like polymers such as polybutytene. Because these pol- 
ymers are not inherently tacky, a tackifier is blended into the polymer base. Terpenes are generally used as tackifiers 
in these compositions. Most significantly, a conventional PSA contains no solvent, is non-aqueous, and will not dry 
out. These polymers are inherently adhesive and do not depend upon a swollen, crosslinked, watery formulation to 

30 provide tackiness and peel adhesion. They cannot be made electrically conductive by addition of water and electrolyte 
and they tend to be less skin friendly than hydrogei adhesives. Examples of typical PSA's are the adhesives coated 
on "Scotch" brand cellophane tape, masking tape, medical adhesive tape, and "Band-Aid" brand adhesive bandages. 

Hydrogei skin adhesives have proven useful in a variety of applications involving biomedical electrodes. Examples 
of such applications include use with electrocardiographic (ECG) electrodes, electrosurgical grounding pads, defibril- 

3S lation electrodes, transcutaneous nerve stimulation electrodes, and iontophoretic drug delivery electrodes. Non-elec- 
trode applications are also becoming increasingly important. Examples include use with transdermal drug delivery 
patches, as adhesives for ostomy devices, as wound dressings, and with medical tapes. 

Hydrogei skin adhesive compositions are generally composed of a crosslinked water soluble polymer network 
swollen with water as a solvent component. Humectant materials are usually added as co-solvents to provide slow 

40 drying or non-drying characteristics to the hydrogei adhesive. Humectant materials are usually polyols such as glycerol, 
sorbitol, or propylene glycol, or low molecular weight polyethylene oxide diols such as PEG 400 or PEG 600. Other 
additives can also be added to hydrogei adhesives for specific purposes. Examples include electrolytes such as sodium 
chloride for electrical conductivity, preservatives such as methyl paraben to prevent microbiobgical degradation, buff- 
ering agents such as sodium dihydrogen phosphata for pH control, and water soluble polymers such as polyacrylamide 

45 for viscosity modification. 

The crosslinked water soluble polymer network can be formed by polymerization of a large variety of water soluble 
monomers in the presence of difunctional crosslinking agents by free radical polymerization techniques initiated by 
thermal or photochemical methods. Crosslinking of previously formed water soluble polymers can also be effected by 
complexation with difunctional species, such as divalent metal cations or difunctional organic reactants, or by exposure 

so to ionizing radiation such as gamma-rays or electron beams. Many naturally occurring polymers such as gelatin can 
be reversibly and non-covalently crosslinked by manipulating gelation temperatures. 

Examples of water soluble monomers subject to free radical polymerization for use as a hydrogei are acrylic acid, 
methacrylic acid, acrylamide, methacrylamlde, and vinyl pyrrolidone. Diacrylate esters of polyethylene oxides are typ- 
ical free radical crosslinking agents used In these compositions. Examples of hydrogei formation by the crosslinking 

ss of water soluble polymers are the crosslinking of carboxymethylcellulose by reaction with aluminum Ion, the crosslinking 
of prepolymer polyisocyanates by reaction with water and organic diols, and the crosslinking of polyvinylpyrrolidone 
by electron beam radiation. Examples of naturally occurring polymers which form gels by thermal gelation are gelatin 
and karaya gum. There are thus a large number of hydrogei adhesives of diverse types. 
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One of the critical properties determining the usefulness of a hydrogel adhesive Is Its peel adhesbn strength. High 
pee) strength allows the hydrogel adhesive to be used without an accompanying PSA in many applications. Hydrogel 
skin adhesives with high peel strength provide a more secure attachment of electrodes (or other devices) to the patient. 
Correspondingly, low peel strength provides a less secure attachment, allowing easier removal of the hydrogel adhesive 
from the patient. Depending on the particular application, varying hydrogel adhesive peel strengths are required. 

Another useful property of hydrogel adhesives is repositlonabitity. "Reposltionability" is defined as the ability of the 
adhesive hydrogel to be removed from one area of the skin and to be attached to another area without loss of peel 
adhesion properties. Other properties of hydrogel adhesives include tack adhesion and creep compliance. 

The properties of the given hydrogel adhesive depend in large measure upon the nature of the cross-linked water 
soluble polymer that comprises the hydrogel adhesive. Presently the nature of the cross-linked water soluble polymer 
used in the hydrogel adhesive fixes the properties of that adhesive. In order to vary the peel strength or repositionabllity 
of the adhesive, for example, different water soluble polymers may be used. Development of hydrogel adhesive prop- 
erties is thus an empirical process at present. A water soluble polymer system that allows broad variation of hydrogel 
adhesive properties without changing the type of polymer is desirable. 

EP-A-0352442 is directed to pressure-sensitive adhesives for use in the paper industry. The adhesives are formed 
by using metal chelates to cross-link low molecular weight polymers of p-acryioyloxypropionic acid with gelatin. The 
pressure-sensitive adhesives produced according to this reference are water soluble or organic solvent soluble. 

EP-A-03821 28 is directed to a hydrogel to be coated onto a metal foil and used as a wound dressing. The hydrogel 
is formed by using metal chelates to cross-link polymers of at least one vinylcarbo acid and at least one of Its alkali or 
ammonium salts. The hydrogel formed by cross-linking polymers as taught in this reference is not adhesive. 

An article titled "The Effect of Acrylic Acid Dimer on the Properties of Carboxy Cement", appearing in J. Dent., VdI 
16, 1988, pages 76-79, presents generally the impact of the addition of the acrylic acid dimer on the compressive and 
tensile strength of carboxy cements used in dental applications. Specifically, the reference discloses compositions 
formed by copolymerising p-acryloyioxypropionic acid polymer with acrylic acid polymer using zinc oxide or magnesium 
oxide to cross-link the polymers. The polymerisation is accomplished by a thermal or redox process. AH the polymers 
used in forming this compound are short, linear, low molecular weight polymers. No hydrogel is formed according to 
this reference. This article concludes, as summarised in Table I of the reference, that the addition of p-acryloyloxypro- 
plonlc acid decreases the strength of the resulting cement. 

Summary of the Invention 

The present invention provides a hydrogel adhesive made of a polymer formed by polymerising a monomer having 
the structure (I) 



RiO 

I II 

CH2=C-C-0-R2-X 



(I) 



where is selected from H and CH3; is selected from a straight or branched chain alkyi radical of 2-12 carbon 
atoms, a straight or branched chain aliphatic ester radical of 5-1 2 carbon and oxygen atoms, and a straight or branched 
chain ether radical of 3-12 carbon and oxygen atoms; X is an ionic group selected from 803' , COO*. and 



+N-R4 



R5 



where R3, R4, and R5 are independently selected from H and alky! groups of 1-4 carbon atoms. 

Also provided Is a method of adhering a biomedical device to skin by disposing between the device and the skin 
the above hydrogel adhesive and applying sufficient pressure to the device to adhere it to the skin. A biomedical device 
with a surface adapted to be adhered to the skin of a patient, wherein the surface has the above hydrogel adhesive 
disposed thereon, is also provided by the present Invention. 
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Also provided is a method of preparing the above hydrogel adhesive by polymerizing monomer (I) In the presence 
of multifunctional crosslinking agents by free radical polymerization techniques using an initiator. 

The Invention further provides compound that is a copolymer formed by copotymerlzing a first water soluble mon- 
omer having the structure (I) with a second water soluble monomer having the structure (II) 



CH2=CH-Y 



where Y Is selected from 




-SO3H; and -PO3H where Rg and R7 are independently selected from H and alkyi groups of 1-3 carbon atoms. • 
20 Also provided is a hydrogel adhesive comprising a copolymer formed by copolymerising the first and second water 
soluble monomers (1) and (II) above. 

Also provided is a method of adhering a biomedical device to skin by disposing between the device and the skin 
a hydrogel adhesive made from monomers (I) and (II), as described above, and applying sufficient pressure to the 
device to adhere It to the skin. 

25 Also provided is a biomedical device with a surface adapted to be adhered to the skin of a patient, wherein the 

surface has a hydrogel adhesive made from monomers (I) and (II) as described above. 

Also provided is a method of preparing a hydrogel adhesive by copolymerising monomers (I) and (II) in the presence 
of multifunctional cross-linking agents by free radical polymerisation techniques using an initiator 

30 BRIEF DESCRIPTION OF THE DRAWING 

The invention is best understood from the following detailed description when read in connection with the accom- 
panying drawing, in which: 

35 --Figr-1-ls-a graph-depicting properties of a set of hydrogel adhesives prepared from exemplary fonnula (I) and 

formula (II) monomers; 

Fig. 2 is a graph depicting properties of another set of hydrogel adhesives prepared from further exemplary formula 
(1) and formula (II) monomers; 

40 

Fig. 3 is a graph depicting properties of another set of hydrogel adhesives prepared from further exemplary formula 
(I) and formula (II) monomers; 

Fig. 4 is a graph depicting properties of another set of hydrogel adhesives prepared from further exemplary formula 
46 (I) and formula (II) monomers; 

Fig. 5 is a graph depicting properties of a set of hydrogel adhesives prepared from two exemplary formula (I) 
monomers; and 

so Fig. 6 is a cross-sectional view illustrating an exemplary biomedical electrode including a hydrogel adhesive of the 

present invention. 



DETAILED DESCRIPTION OF THE TNVENTION 



ss The present invention involves hydrogel adhesives having variable properties depending on the relative proportions 

of the first and second water soluble monomers used in the formulation of the adhesive. The general formula for the 
first monomer is given above as formula I. 

Two specific monomers within the scope of general formula I are potassium-3-sulfopropyl acrylate (SPAK) and 
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2-carboxyethylacrylate (CEA). CEA is particularly preferred when it is In the form of a partially neutralized alkali metal 
salt. The structures for these water soluble monomers are: 

A. SPAK 

5 

o 

II . . ^ 

CH2-CH-C-0-CH2-CH2-CK2-SC3 

10 

B. CEA 



O 0 

li II 
CH2-CH-C-O-CH2 -CH2-C-OH 

The two formula I monomers given above are acrylate ester monomers. Other monomers having the general 

20 structure of formula I are methacrylate ester monomers such as 2-sulfoethylmethacrylate (SEMA), potassium-3-sulfo- 
propyl methacrylate (SPMAK), and methacryloxyethyl trimethylaminonium chloride (MAETAC). 

The general formula for the second monomer used in the hydrogel adhesive compositions of the present invention 
is given above as formula II. The second monomer has a pendant chain smaller in molecular size than that of the first 
monomer. Examples of monomers of formula II are acrylic acid, acrylamide. alkylated acrylamides, vinyl pyrrolidone, 

25 vinyl sulphonic acid and vinyl phosphonic acid. 

In one embodiment the present invention provides a hydrogel adhesive wherein said first water soluble monomer 
is 2-carboxy-ethyiacrylate, said second water soluble monomer is acrylamide, and said first water soluble monomer 
comprises 10-50 weight % of total monomer weight. 

A hydrogel adhesive formed by polymerising a formula 1 monomer without a formula II monomer (a homopolymer 

30 of the formula I monomer) will process certain adhesive properties. By adding increasing amounts of the formula II 
monomer and polymerising to fomri a copolymer of formula I and II monomers, the adhesive properties vary, depending 
on the relative proportions of the formula I and II monomers. 

The preparation and composition of an adhesive hydrogel using a homopolymer of SPAK (100% of first water 
soluble polymer - SPAK; 0% of second water soluble polymer) is first described below. This serves as a general de- 

35 scription of the procedure used to formulate the adhesive poly(meth)acrylate ester hydrogels of the invention. (The 
final composition of the hydrogel fornied of the homopolymer of SPAK is given as Example 1 1n Table 1 ; the compositions 
of all other examples disclosed herein are presented in the accompanying Tables 1-6 as Examples 2-34). 

A mixture of potassium chloride (0.5g) and potassium-3-sutphopropylacrylate (35.0g) was dissolved in 40.5g of 
distilled water with stirring. Polyacrylamide N-300 LMW (2.0g) (available from American Cyanamid Co. of Wayne, New 

40 Jersey 07470) was then added and dispersed into the above solution with vigorous stirring. The polyacrylamide dis- 
solved slowly over a period of a few hours with a corresponding increase in the viscosity of the solution. Glycerin 
(20.0g); a 3% solution of N,N'methylenebis acrylamide In propylene glycol (1.2g); and Darocur 1173 (0.8g) (available 
from E M Industries Inc. of Hawthorne. New York 10532) were then added sequentially, with stirring, resulting in a 
moderately viscous, homogenous solution. 

45 The finished composition was coated onto a polycarbonate film having a thickness of 2.5mm (mil), using a 30mm 

(mil) wet-film applicator. The coating was cured with a Fusion 78.74W/cm (200 W/in) UV lamp (H-bulb) at a bulb height 
of approximately 30.48cm (12 inches) with a UV dosage of 0.69 J/cm^. A hydrogel adhesive was thus formed of a 
homopolymer of SPAK. 

To measure peel adhesion, the coated hydrogel adhesive films were attached to a 3.2mm ()^ inch) thick polyeth- 
50 yiene foam substrate and pulled off at a 90** angle at a rate of 1 52.4mm (6 inches) per minute. The results were reported 
as grams per 22.2mm (% inch) width of sample. Other properties measured were tack adhesion, creep compliance 
and repositlonability. Tack adhesion was measured using a Polyken Tack instrument (2 sec. dwell, 1 cm/sec. speed, 
20 grams force). Repositlonability was measured by repeatedly pulling the adhesive off the foam substrate and meas- 
uring changes in peel adhesion. 
55 , In the descriptron given above for the formation of an adhesive hydrogel, the distilled water serves as a solvent 
and potassium chloride is added as an electrolyte to provide electrical conductivity to the compositions of the invention 
when they are used as biomedical electrode adhesives. Potassium hydroxide is used to partially neutralise acrylate 
monomers containing carboxyllc acid groups such as acrylte acid. Polyacrylamide polymer (PAAm N-300 LMW) senses 
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as a viscosity modifier. Glycerin serves as a humectant. Used as a cross-linking monomer for the hydrogel homopolymer 
is N,N'-methyienebis acrylamtde (l\/IBA) which, as described above, is added as a 3% solution in propylene glycol. 
(Although a difunctional cross-linking agent is used in this example, other multifunctional agents can be used. Thus, 
in this application, the term "multifunctional" includes difunctional, trifunctional. tetrafunctional. etc.) Darocur 1173 (2-hy- 

s droxy-2-methyl-1 -phenyl-propane-1 -one) serves as the photoinitiator in the UV polymerization reaction. 

The homopolymer of SPAK in the form of an adhesive hydrogel, synthesized as described in Example 1, exhibits 
a low peel strength (thereby minimizing risk of injury and discomfort to the patient) of 40 g as shown in Table 1 , Example 
1 . The homopolymer also has good repositionability when attached to the skin. I n terms of repositlonability, the homopol- 
ymer of SPAK is superior to other hydrogel homopolymers such as polyacrylic acid. 

. 10 * Repositionability and low peel strength properties of hydrogel skin adhesives such as that formed of the SPAK 
homopolymer are important in biomedical applications such as diagnostic ECG electrodes, wound dressings, and 
medical tapes used to secure devices such as intravenous catheters to the body. Medrcal applications in the pediatric, 
neonatal, geriatric, and operating room areas are particularly relevant because of the high degree of skin sensitivity 
typically exhibited by patients within these hospital groupings. 

IS To vary the properties of the hydrogel adhesive and provide greater peel strength, increased amounts (from 0% 

In the preceding example) of the second water soluble monomer are added and polymerized with the first monomer. 

The preparation and composition of an adhesive hydrogel using a copolymer of SPAK and acrylic acid (AA) is next 
described. This serves as a description of the procedure used to formulate the adhesive copolymer poly(meth)acrylate 
ester hydrogels of the invention. The final composition of the hydrogel formed of the copolymer of this example is given 

20 as Example 4 in Table 1 . 

A mixture of potassium chloride (0.5 g) and potassium hydroxide (8.96 g) was dissolved in 34.54 g of distilled water 
with stirring while cooling to below 30 degrees C. Using an addition funnel, acrylic acid (19.38 g) was charged slowly 
and the temperature was maintained below 40 degrees C. After adding and dissolving potassium-3-sulfopropylacrylate 
(15.62 g), potyacrylamide N-300 LMW (2.0 g) was then added and dispersed into the above solution with vigorous 

25 stirring. The polyacrylamide dissolved slowly over a period of a few hours with a corresponding increase in the viscosity 
of the solution. Glycerin (17.0 g); a 3% solution of N,N'methylenebis acrylamide in propylene glycol (1 .2 g); and Darocur 
1173 (0.8 g) were then added sequentially, with stirring, resulting in a moderately viscous, homogeneous solution. 

In the description given above in Example 4 for the formation of an adhesive hydrogel, as in Example 1 , the distilled 
water serves as a solvent and potassium chloride is added as an electrolyte to provide electrical conductivity Potassium 

30 hydroxide, polyacrylamide polymer, glycerin, MBA, and Darocur 1 1 73 serve the same functions as indicated In Example 
1. 

The finished composition was coated onto a polycarbonate film having a thickness of 2.5 mil, using a 30 mil wet- 
film applicator The coating was cured as in Example 1 . A hydrogel adhesive was thus formed of a copolymer of SPAK 
and acrylic acid. Peel adhesion, tack adhesion, creep compliance, and repositionability of the adhesive were then 

35 measured as in~Example-lT-The peel adhesion characteristics of a set-of-hydrogel-adhesive copolymers prepared from 
acrylic acid as the second water soluble nonomer and SPAK as the first are shown as Examples 1 -7 in Table 1 and in 
Figure 1 . The peel adhesion values exhibited by both of the homopolymers (40 g for the SPAK homopolymer and 30 
g for the AA homopolymer) are low but adequate, for example, on applications on highly sensitive skin. The peel 
adhesion values of the copolymers are higher, however, than each of the homopolymers and increase to a peak level 

40 at a SPAK concentration of approximately 30-70 weight percent of the total monomer. The peak peel adhesion values 
for the copolymer are approximately 460 g, over ten times that of either of the homopolymers. The magnitude of the 
increased peel adhesion of copolymers having 25-75 weight % SPAK of total monomer (75-25 weight % AA of total 
monomer, respectively) over the homopolymers is unexpected. (See Figure 1.) 

That the increase and peak in peel strength is unexpected is illustrated partly by the more linear variation in the 

45 tack adhesion of the same compositions as shown in Figure 1 . Given this more linearized plot, linear variance of peel 
adhesion would also be expected. The variation in tack adhesion is almost linear and decreases as the concentration 
of SPAX in the copolymer increases. 

The SPAK/AA copolymer in hydrogel adhesive form is a particularly useful composition because it provides a 
continuum of hydrogel adhesives which can be used in a broad spectrum of applications. The applications can have 

50 requirements varying from a relatively weak, skin-friendly, reposrtlonable adhesive (where a composition having a 
concentration close to either 100% SPAK or 0% SPAK would be appropriate) to an aggressive, very strong adhesive, 
desirable in such dynamic or long-term applications as ECG or Holier monitoring (where a 30-70% SPAK composition 
would be appropriate). Any Intermediate adhesive characteristics which may be desired can also be produced. One 
should also appreciate that by varying the concentrations of the various components in the compositions, the peel 

55 adhesion peak can be shifted anywhere In the range of 1 0-90% by weight SPAX of total monomer. 

Other monomers can also be used as the second water soluble monomer Hydrogel adhesive copolymers prepared 
from acrylamide as the second monomer (AAM) and SPAK as the first possess synergistic adhesion properties anal- 
ogous to those observed for SPAK/AA copolymers. (See the compositions and their corresponding adhesion data in 
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Examples 8-12 In Table 2 and Figure 2.) Similar to the other homopolymers described above, the peel adhesion ex- 
hibited by the AAM honrtopoiymer (0% SPAK) Is very low. Nevertheless, the peel adhesion of the copolymer Increases 
and peaks at a SPAK concentration of approximately 20-70 weight percent of total monomer. 

Although acrylic acid and acrylamide are the only specific examples of the second monomer given, alkylated 
s acrylamldes are reasonable extensions of acrylamide because they have similar polarity and size, vinyl pyrrolidone is 
also similar in size and polarity to dialkylated acrylamldes. Sulfonic acid and phosphoric acid groups are reasonable 
extensions of the carboxylic acid group because they are also similar in size and polarity especially when neutralized 
. to their anionic form. All of these monomers are within the scope of Formula 11. 

Turning to the second of the two formula I monomers which specifically illustrate the advantageous properties of 
10 the acrylate ester hydrogels of the present invention, CEA, It should be noted that the CEA which was used in the 
examples described herein is not a pure material. The CEA (or 2-carboxyethylacrylate) was obtained from Radcure 
Specialties Inc. of Louisville, Kentucky. It consists of a mixture of approximately 20% AA, 40% CEA, and 40% of a 
mixture of polyester trimers and tetramers having the following structure: 

75 

0 0 o 

1 I I 

CH2«CH-C-0 ( CH2-CH2-C-O) nCH2-CH2-C-OH 

20 

where n = 0 for CEA, n = 1 for trimer, and n = 2 for tetramer. Therefore, all of the hydrogel polymers and copolymers 
of CEA contain substantial quantities of polyester trimer and tetramer units and AA units as well as CEA. All numbers 
in the examples are corrected to account for the presence of these other substances. 

CEA copolymers with AA or AAM (Examples 1 3-24, Tables 3 and 4, and Figures 3 and 4) exhibit adhesive behavior 

25 similar to that of the SPAK examples discussed above. The CEA as purchased (with 20% AA), which exhibits a 230 g 
peel adhesion, also possesses desirable repositionability properties. Copolymers of CEA with AA or AAM exhibit a 
surprising peel adhesion behavior within a useful range of peel adhesion values. In particular, peel adhesion values 
are surprisingly high when CEA Is 20-75 weight % of the total monomer. The surprising peel adhesion behavior of CEA 
copolymers demonstrates that esters of longer chain length than SPAK or pu re CEA also confer advantageous adhesion 

30 properties on the hydrogels of the present Invention. Because the CEA used in the examples contains 40% of a mixture 
of trimer and tetramer which have 7 and 12 chain atoms, respectively, extrapolation to pure alkyi groups and ether 
groups Is reasonable because these groups have similar hydrophobicity and polarity to the ester groupings present In 
CEA trimer and tetramer. Therefore, these groups are included In the general formula I for the first water soluble 
monomer. 

35 - Hydrogel copolymer adhesives prepared from various ratios of SPAK and CEA together (i.e., two Formula I mon- 
omers) do not exhibit the surprising peel adhesion characteristics. Instead, a nearly linear relationship between the 
peel adhesion and the tack adhesion of the two homopolymers is observed (Examples 25-28, Table 5, and Figure 5). 
Because both SPAK and CEA are long-chain acrylate ester monomers, it is evident that only copolymers which combine 
long-chain acrylate ester monomers with monomers of small molecular size, such as AA or AAM, will exhibit the syn- 

^0 erglstic peel adhesion properties. 

Hydrogel adhesive polymers were also prepared from methacrylate ester monomers as the Formula I monomers 
(Table 6) such as 2-sulfoethylmethacrylate (SEMA, Examples 29, 33, and 34) and potassium-3-sulfopropyl methacr- 
ylate (SPMAK, Examples 30 and 32). Methacrylate ester monomers are much less reactive to UV free radical initiation 
than are acrylate ester monomers such as SPAK and CEA; therefore, the formation of polymers comprising these 

45 compounds was initiated using thermal free radical Initiator procedures. The thermal initiator used was V-50 (2,2'- 
azobis (2-amidinopropane) dihydrochlorlde) (available from Wako Chemicals, USA Inc. of Richmond, Virginia). The 
methacrylate monomers formed hydrogel adhesive polymers which were tacky and adhesive to the touch and may be 
as useful as the corresponding acrylate polymer hydrogels. 

A cation ic-terminated, methacrylate ester-based hydrogel adhesive was prepared by thermal initiation of the meth- 

so acryloxyethyl trimethylammonlum chloride monomer (MAETAC, Examples 31 and 34) having the following structure: 
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CH2=C - 



CH3 



0 CH3 
C-O-CH2 -CHj -H^-CH3 CI 




The resulting hydrogel polymer was also tacky and adhesive to the touch and appears to be as useful as all of the 
preceding examples. 

A particularly useful application of the hydrogel adhesives of the present invention is with biomedical electrodes. 
The adhesives are useful in a wide variety of electrodes assuming varying construction. Figure 6 Is an exemplary 
embodiment of one of these electrodes. 

In Figure 6. a support member 1, which is circular in shape in this exemplary embodiment, is made of a plastic 
substance. Electrode 2 is incorporated In support member 1 so as to protrude from both sides of support member 1. 
An electrically conductive hydrogel adhesive 3, having a composition according to the present invention, is superposed 
on surface 4 of support member 1 and Is adapted to be adhered to the skin of a patient. Hydrogel adhesive 3 should 
be applied to surface 4 in a thickness sufficient to cover the portion of electrode 2 protruding from surface 4 of support 
member 1 . 

In use, electrode 2 is connected to a measuring instrument (not shown) and the electrically conductive hydrogel 
adhesive 3 is pressed against the patient with sufficient pressure to adhere the biomedical electrode to the patient. 
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4S Claims 

1 . A hydrogel adhesive consisting essentially of a polymer formed by polymerizing a monomer having the structure (I) 

I I 

CH2»C-C-0-R2-X (I) 

55 where, 

Ri is selected from the group consisting of H and CH^', 
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R2 is selected from the group consisting of a straiglit or branched chain alkyi radical of 2-1 2 carbon atoms, a 
straight or branched chain aliphatic ester of 5>1 2 carbon and oxygen atoms, and a straight or branched chain 
ether radical of 3-12 carbon and oxygen atoms; 

X is an ionic group selected from the group consisting of SO3' COO' and 

T 

I 

R5 

where R3, R4, and R5 are independently selected from the group consisting of H and alkyI groups of 1 -4 carbon 
atoms. 

A hydrogel adhesive as claimed in claim 1 wherein said monomer is selected from the group consisting of potas- 
sium-3-sulfopropyl acrylate, potassium-3-sulfopropyl methacrylate, 2-carboxyethylacrylate, 2-sulphoethylmeth- 
acrylate and methacryloxyethyl trimethyl-ammonium chloride. 

A method of adhering a biomedical device to skin comprising the steps of: 

a. disposing between said device and the skin a hydrogel adhesive according to either one of Claims 1 and 
2; and 

b. applying pressure to said device to adhere said device to the skin. 

A biomedical device comprising a surface adapted to be adhered to the skin of a patient, said surface having a 
hydrogel adhesive according to either one of Claims 1 and 2 thereon. 

A method of preparing a hydrogel adhesive comprising polymerising a monomer having the structure (I) 

(I) 



CH2=C-C-0-R2-X 

where. 

R^ Is selected from the group consisting of H and GH3; 

R2 is selected from the group consisting of a straight or branched chain alkyI radical of 2-1 2 carbon atoms, a 
straight or branched chain aliphatic ester of 5-12 carbon and oxygen atoms, and a straight or branched chain 
ether radical of 3-12 carbon and oxygen atoms; 

X is an ionic group selected from the group consisting of SO3' , COO* and 

+N-R4 

I 

where R3, R4. and R5 are independently selected from the group consisting of H and alkyI groups of 1-4 
carbon atoms, 
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in the presence of a multifunctional crosslinking agent by a free radical polymerization technique. 

A hydrogel adhesive comprising a copolymer formed by copolymerizing and cross-linking a first water soluble 
monomer having the structure (I) 

I li 

CH2*C-C-0-R2-X (I) 

where, 

Ri is selected from the group consisting of H and CH3; 

R2 is selected from the group consisting of a straight or branched chain alkyi radical of 2-1 2 carbon atoms, a 
straight or branched chain aliphatic ester of 5-12 carbon and oxygen atoms, and a straight or branched chain 
ether radical of 3-12 carbon and oxygen atoms; 

X is an ionic group selected from the group consisting of SOq, COO* and 

+N-R4 
R5 

where R3, R4, and R5 are independently selected from the group consisting of H and alky I groups of 1 -4 carbon 

atoms; 

with a second water soluble monomer having the structure (II) 

CH2=CH-Y (II) 
where Y is selected from the group consisting of -COOH, 



O Rg 

II I 
-C-N , 

I 

-SO3H, and -PO3H where R^, R7 are independently selected from the group consisting of H and alkyI groups 
of 1-3 carbon atoms; 

in the presence of water, a multifunctional cross-linking agent, and a humectant. 

A hydrogel adhesive as claimed in Claim 6 wherein said first water soluble monomer is selected from the group 
consisting of potassium-3-sulphopropyl acrylate, potassium-3-sulphopropyl methacrylate, 2-carboxyethylacrylate, 
2-sulphoethylmethacrylate and methacryloxyethyl trimethylammonium chloride. 

A hydrogel adhesive as claimed in either one of Claims 6 and 7 wherein said second water soluble monomer is 
selected from the group consisting of acrylic acid, acrylamide, alkylated acrylamides, vinyl pyrrolidone, vinyl sul- 
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phonic acid and vinyl phosphonic acid. 

9. A hydrogel adhesive as claimed in any one of Claims 6 to 8 wherein said first water soluble monomer comprises 
10-90 weight % of total monomer weight. 

5 

10. A hydrogel adhesive as claimed in Claim 6 wherein said first water soluble monomer is selected from the group 
consisting of potassium-3-sulphopropyl acrylate and potassium-3-sulphopropyl methacrylate, said second water 
soluble monomer Is acrylic acid, and said first water soluble monomer comprises 1 0-90 weight % of total monomer 
weight. 

10 

11. A hydrogel adhesive as claimed in Claim 6 wherein said first water soluble monomer is selected from the group 
consisting of potassium-3-sulphopropyl acrylate and potassium-3-sulphopropyl methacrylate, and said second 
water soluble monomer is acrylamide, and said first water soluble monomer comprises 20-70 weight % of total 
monomer weight. 

IS 

12. A hydrogel adhesive as claimed in Claim 6 wherein said first water soluble monomer is 2-carboxyethylacryiate, 
said second water soluble monomer is acrylic acid, and said first water soluble monomer comprises 20-75 weight 
% of total monomer weight. 

20 13. A hydrogel adhesive as claimed In Claim 6 wherein said first water soluble monomer Is 2-carboxyethylacrylate, 
said second water soluble monomer is acrylamide, and said first water soluble monomer comprises 10-50 weight 
% of total monomer weight. 

14. A method of adhering a biomedical device to skin comprising the steps of: 

2S 

a. disposing between said device and the skin a hydrogel adhesive according to any one of Claims 6 to 1 3; and 

b. applying pressure to said device to adhere said device to the skin. 

30 15. A biomedical device comprising a surface adapted to be adhered to the skin of a patient, said surface having a 
hydrogel adhesive according to any one of Claims 6 to 1 3 thereon. 

16. A method of preparing a hydrogel adhesive comprising copolymerising a first water soluble monomer having the 
structure (I) 

35 



T1 

CH2«C-C-0-R2-X 

40 



where, 



Ri is selected from the group consisting of H and CH3; 

4S 

R2 is selected from the group consisting of a straight or branched chain alkyt radical of 2-1 2 carbon atoms, a 
straight or branched chain aliphatic ester of 5-12 carbon and oxygen atoms, and a straight or branched chain 
ether radical of 3-12 carbon and oxygen atoms; 

so X is an ionic group selected from the group consisting of SO3', COO' and 

r 

55 ' 

I 
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where Rs. R4 and R5 are independently selected from the group consisting of H and alky! groups of 1 -4 carbon 
atoms, 

with a second water soluble monomer having the structure (II) 

CH2=CH-Y (II) 
where Y is selected from the group consisting of -COOH, 



O 



IS 




-SO3H, and -PO3H 

where Rg, R7 are independently selected from the group consisting of H and alky! groups of 1 -3 carbon atoms, 
in the presence of a multifunctional cross-linking agent by a free radical polymerisation technique. 

17. The hydrogel adhesive as claimed in any one of Claims 7 to 14, further comprising an electrolyte, a neutralising 
agent, a viscosity modifier and a photoinitiator. 

2S 

18. The hydrogel adhesive as claimed In claim 17, wherein said electrolyte is potassium chloride, said neutralizing 
agent is potassium hydroxide, said viscosity modifier is potyacrylamide polymer, said humectant is glycerin, said 
cross-linking agent is N,N'-methylenebis acrylamide in a 3% solution in propylene glycol, and said photoinitiator 
is 2-hydroxy-2-methyl-1 -phenylpropane-1 -one. 

30 



Patentanspruche 

1. Ein Hydrogel klebstoff, der im wesentllchen aus einem Polymer besteht, das durch die Polymerisation eines Mo- 
nomers mit der Strukturformel (I) 

O 

40 I II 

CH2=C -C-O-R5-X (I) 



gebildet wird, wobei 

4S 

Ri aus der Gruppe bestehend aus H und CH3 ausgewahlt wird; 

R2 aus der Gruppe bestehend aus einem geradkettigen oder verzweigten Alkylradikal mit 2-12 Kohlenstoff- 
atomen, einem geradkettigen oder verzweigten allphatischen Ester mit 5-12 Kohlenstoff- und Sauerstoffato- 
men und einem geradkettigen oder verzweigten Etherradikal mit 3-1 2 Kohlenstoff- und Sauerstoffatomen aus- 
gewahlt wird; 

X eine aus der Gruppe bestehend aus SO^\ COO' und 
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I 

+ N-R 

I 



ausgewahlte lonengruppe ist, wobei R3, R4 und R5 unabhangig voneinander aus der Gruppe bestehend aus 
H und Alkylgruppen mit 1 -4 Kohlenstoffatomen ausgewahit werden. 

Hydrogelklebstoft nach Anspruch 1 , wobei das Monomer aus der Gruppe bestehend aus Kalium-3-sulfopropylacry- 
lat, Kaltum-3-sulfopropylmethacrylat, 2-Carboxyethylacrylat, 2-Sulfoethylmethacrylat und Methacryloxyethyltrime- 
thyiammoniumchlorid ausgewahit wird. 

Ein Verfahren zur Anhaftung einer biologlschmedizinischen Vorrichtung auf Haut, das aus den Schritten besteht: 

a. zwischen der Vorrichtung und der Haut einen Hydrogelklebstoff gemaQ einem der Anspruche 1 und 2 zu 
plazieren; und 

b. Druck auf die Vorrichtung auszuuben, um die Vorrichtung an die Haut zu kleben. 

Eine biologisch-medizinische Vorrichtung. die eine Oberflache umfa3t, die dazu ausgetegt ist, an die Haut eines 
Patienten gehaftet zu werden, wobei die Oberflache mit einem Hydrogelklebstoff gema3 einem der Anspruche 1 
und 2 bestrichen ist. 

Ein Verfahren zur Herstellung eines Hydrogelklebstoffs. das beinhaltet, ein Monomer mit der Strukturformel (I) 

^1 O 

I B 

CH^^C-C-O-R^-X (I) 



zu polymerisieren, wobei 

aus der Gruppe bestehend aus H und CH3 ausgewahit wird; 

Rg aus der Gruppe bestehend aus einem geradkettigen oder verzweigten Alkylradikal mit 2-12 Kohlenstoff- 
atomen, einem geradkettigen oder verzweigten aliphatischen Ester mit 5-12 Kohlenstoff- und Sauerstoffato- 
men und einem geradkettigen oder verzweigten Etherradikal mit 3-12 Kohlenstoff- und Sauerstoffatomen aus- 
gewahit wird; 

X eine aus der Gruppe bestehend aus SO3', COO~ und 



R3 



+ N-R 

I 4 



ausgewahlte lonengruppe ist, wobei R3, R4 und R5 unabhangig voneinander aus der Gruppe bestehend aus 
H und Alkylgruppen mit 1 -4 Kohlenstoffatomen ausgewahit werden, 
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und zwardurch ein radikalisches Potymerisationsverfahren in Anwesenheit eines multifunktionellen Vernetzungs- 
mittels. 

6. Hydrogetklebstoff, der aus einem Copolymer besteht, der durch die Copotymerisation und Quen/emetzung eines 
s ersten wasserloslichen Monomers mit der Strukturformel (I) 



Ri 0 

I II 

CHj^C-C-O-R^-X (I) , 



wobei 

IS 

aus der Gruppe bestehend aus H und CH3 ausgewahit wird; 



Rg aus der Gruppe bestehend aus einem geradkettigen oder verzweigten Alkylradikal mit 2-12 Kohlenstoff- 
atomen, einem geradkettigen oder verzweigten aliphatischen Ester mit 5-12 Kohlenstoff- und Sauerstoffato- 
20 men und einem geradkettigen oder verzweigten Etherradikal mit 3-1 2 Kohlenstoff- und Sauerstoffatomen aus- 

gewahit wird; 



2S 



30 



3S 



40 



X eine aus der Gruppe bestehend aus SO3-, CCX^' und 

I 

I 

ausgewahlte lonengruppe ist, wobei R3, R4 und R5 unabhangig voneinander aus der Gruppe bestehend aus 
H und Alkylgruppen mit 1-4 Kohlenstoffatomen ausgewahit werden; 



mit einem zweiten wasserloslichen Monomer mit der Strukturformel (II) 

CH2=CH-Y (II) 
gebildet wird, wobei Y aus der Gruppe bestehend aus -COOH, 




-SO3H und -PO3H ausgewahit wird, wobei Rg, R7 unabhangig voneinander aus der Gruppe bestehend aus H und 
Alkylgruppen mit 1-3 Kohlenstoffatomen ausgewahit werden; 

und zwar in Anwesenheit von Wasser, eines multifunktionellen Vernetzungsmittels und eines Feuchthaltemittels. 

55 

7. Hydrogelklebstoff nach Anspruch 6, wobei das erste wasserlosliche Monomer aus der Gruppe bestehend aus 
Kalium-3-sulfopropylacrylat, Kalium-3-sulfopropylmethacrylat, 2-Carboxyethylacrylat, 2-Sulfoethylmethacrylat 
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und Methacryloxyethyltrimethylammoniumchlortd ausgewahit wird. 

8. Hydrogelklebstoff nach einem der Anspruche 6 und 7, wobei das zweite wasserlosliche Monomer aus der Gruppe 
bestehend aus Acrylsaure, Acryiamid, alkylierten Acrylamiden, Vinylpyrrolidon, Vinylsulfonsare und Vinylphos- 

s phonsaure ausgewahit wIrd. 

9. Hydrogelklebstoff nach einem der Anspruche 6 bis 8, wobei das erste wasserlosliche Monomer 10-90 Gew.-% 
des Monomergesamtgewichts umfa3t. 

10 10. Hydrogelklebstoff nach Anspruch 6, wobei das erste wasserlosliche Monomer aus der Gruppe bestehend aus 
Kalium-3-sutfopropyiacrylat und Kalium-3-sulfopropylmethacryiat ausgewahit wird. das zweite wasserlosliche Mo- 
nomer Acrylsaure ist und das erste wasserlosliche Monomer 1 0-90 Gew.-% des Monomergesamtgewichts umfa3t. 

11. Hydrogelklebstoff nach Anspruch 6, wobei das erste wasserlosliche Monomer aus der Gruppe bestehend aus 
15 Kalium-3-sulfopropylacrylat und Kalium-3-sulfopropylmethacrylat ausgewahit wird und der zweite wasserlosliche 

Monomer Acryiamid ist und der erste wasserlosliche Monomer 20-70 Gew.-% des Monomergesamtgewichts um- 
faBt, 

1 2. Hydrogelklebstoff nach Anspruch 6, wobei das erste wasserlosliche Monomer 2-Carboxyethylacrylat ist, das zweite 
20 wasserlosliche Monomer Acrylsaure ist und das erste wasserlosliche Monomer 20-75 Gew.-% des Monomerge- 
samtgewichts umfa3t. 

1 3. Hydrogelklebstoff nach Anspruch 6, wobei das erste wasserlosliche Monomer 2-Carboxyethy lacry lat ist. das zweite 
wasserlosliche Monomer Acryiamid ist und das erste wasserldslk;he Monomer 10-50 Gew.-% des Monomerge- 

25 samtgewichts umfa3t. 

14. Verfahren zur Anhaftung einer biotogischmedizinischen Vorrichtung auf Haut. das aus den Schritten besteht: 

a. zwischen der Vorrichtung und der Haut einen Hydrogelklebstoff gemaB einem der Anspruche 6 bis 13 zu 
30 plazieren; und 

b. Druck auf die Vorrichtung auszuOben, um die Vorrichtung an die Haut zu kleben. 

15. Eine biologisch-medizinische Vorrichtung, die eine Oberflache umfaBt, die dazu ausgelegt ist, an die Haut eines 
3S Patienten angeklebt zu werden, wobei die Oberflache mit einem Hydrogelklebstoff gema3 einem der Anspruche 

6 und 1 3 bestrichen ist. 

16. Ein Verfahren zur Herstellung eines Hydrogelklebstoff s, das daraus besteht, ein erstes wasserlosliches Monomer 
mit der Strukturformel (I) 

40 

o 

M 

45 CH^^C-C-O-R^-X (I), 

wobei 

so aus der Gruppe bestehend aus H und CH3 ausgewahit wird; 

R2 aus der Gruppe bestehend aus einem geradkettigen oder verzweigten Alkylradikal mit 2-12 Kohlenstoff- 
atomen, einem geradkettigen oder verzweigten aliphatischen Ester mit 5-12 Kohlenstoff- und Sauerstoffato- 
men und einem geradkettigen Oder verzweigten Etherradikal mit 3-12 Kohlenstoff- und Sauerstoffatomen aus- 
55 gewahit wird; 

X eine aus der Gruppe bestehend aus SO3', COO* und 
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16 



20 



25 



SO 



55 



I 



10 ausgewahlte lonengruppe ist, wobei R3, R4 und R5 unabhangig voneinander aus der Gruppe bestehend aus 

H und Alkylgruppen mit 1-4 Kohlenstoffatomen ausgewahit werden, 

mit einem zwelten wasserloslichen Monomer mIt der Strukturformel (II) 

CH2=CH-Y (II) 
zu copolymerisieren, wobei Y aus der Gruppe bestehend aus -COOH, 



o «. « 

II I N 

-C-H, -nQ , 



-SO3H und -PO3H ausgewahit wird, wobei R©, R7 unabhangig voneinander aus der Gruppe bestehend aus H und 
Alkylgruppen mit 1 -3 Kohlenstoffatomen ausgewahit werden, 

und zwar durch ein radikalisches Kettenpolymerisationsverfahren in der Anwesenheit eines multifunktionellen Ver- 
netzungsmittets. 

17. Der Hydrogelktebstoff gemaB einem der Anspruche 7 bis 14, der weiterhin einen Elektrotyten, ein Neutrallsatbns- 
mittel, einen Viskositatsveranderer und einen Fotoinitiator beinhaltet. 

18. Hydrogelklebstoff gema3 Anspruch 17, wobei der Elektrolyt Kaliumchlorid, das Neutral isatlonsmitlel Kaliumhydro- 
xid, der Viskositatsveranderer ein Polyacrylamidpolymer, das Feuchthaltemittel Glycerin, das Vernetzungsmittel 
N.N'-Methylenbisacrylamid in einer 3%igen Losung in Propylenglycol und der Fotoinitiator 2-Hydroxy-2-methyl- 
1 -phenylpropan-1 -on Ist. 

Revendleations . 

^ 1. Un adh^sif hydrogel consistant essentiellement en un polymdre formd en polym^risant un monom^re ayant la 
structure (I) 



ou, 



^1 O 

I II 

CH^-C -C-O-Rj-X (1) 

R^ est s^iectionn^ k partir du groupe constitu^ de H et de CH3; 
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R2 est selectionn^ k partir du groups constitu^ d'un radical alkyie en chaTne ramifide ou droits d'atomes de 
carbone 2-1 2, d'un ester aliphatique en chaTne ramifi^e ou droite d'atomes de carbone 5-12 et d'oxygdne, et 
d'un radical d'^ther en chaTne ramifide ou droite d'atomes de carbone 3-12 et d'oxygdne; 

X est un groupe ionique s^lectionn^ ^ partir du groupe constitu6 de S03~, de COO~ et de 

I 



ou R3, R4 et R5 sont independamment s^tectlonn^s k partir du groupe constitu^ de H et de groupes alkyles 
d'atomes de carbone 1-4. 

Un adh6sif hydrogel salon la revendication 1 dans lequel ledit monomere est selectionn6 k partir du groupe cons- 
titu^ d'acrylate de potassium-3-sulfopropyle, de m^thacrylate de potassium-3-sulfopropyle, de 2-carboxydthyla- 
crylate, de 2-sulfo6thylm6thacrylate et de chlorure d'ammonium trim6thyle m6thacryloxy6thyl. 

Un proc^dd pour faire adherer un dispositif biomedical k la peau comprenant les stapes consistant k: 

a. disposer entre ledit dispositif et la peau un adhestf hydrogel selon I'une quelconque des revendications 1 
et 2; et 

b. appliquer une pression sur ledit dispositif pour faire adherer ledit dispositif k la peau. 

Un dispositif biomedical comprenant une surface adapt^e pour adherer k la peau d'un patient, lad ite surface dtant 
recouverte d'un adhesif hydrogel selon I'une quelconque des revendications 1 et 2. 

Un procedd pour preparer un adhesif hydrogel comprenant la polymerisation d'un monomere ayant la structure (I) 



\ O 



CH2=C-C-0-R2-X 



(I) 



R^ est seiectionne k partir du groupe constitue de H et de CH3; 

R2 est selectionne k partir du groupe constitu^ d'un radical alkyle en chaTne ramifi^e ou droite d'atomes de 
carbone 2-12. d'un ester aliphatique en chaTne ramlfiee ou droite d'atomes de carbone 5-12 et d'oxyg^ne, et 
d'un radical d'ether en chaTne ramifies ou droits d'atomss ds carbons 3-12 et d'oxygens; 

X est un groups ionique selectionne k partir du groupe constitue de SO^\ de COO* et de 
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ou Rs. R4 et R5 sont ind^pendamment sdlectionn^s k partir du groupe constitud de H et de groupes alkyles 
d'atomes de carbone 1-4, 

en presence d'un agent de reticulation multifonctionnel par une teclinique de polymerisation de radical iibre. 

6. Un adh6sif hydrogel comprenant un copolymere forme en copolymerisant et en reticulant un premier monom^re 
soluble dans I'eau ayant la structure (I) 



^1 O 

I II 

CH2 = C-C-0-R2-X 



(I) 



ou. 



est seiectionne k partir du groupe constitue de H et de CH3; 



R2 est seiectionne k partir du groupe constitue d' un radical alkyle en chaTne ramifiee ou droite d'atomes de 
carbone 2-12, d'un ester allphatique en chaine ramifi6e ou droite d'atomes de carbone 5-12 et d'oxyg6ne, et 
d'un radical d'6ther en chaine ramifiee ou droite d'atomes de carbone 3-12 et d'oxygene; 

X est un groupe ionique seiectionne k partir du groupe constitu§ de SO3', de COO~ et de 



I 

+ N-R 



R5 



ou-RgrR^-et-Rg-sonHndependamment seiectionnes-^ partir du groupe constitu6 de H et de groupes alkyles 
d'atomes de carbone 1 -4; 



avec un second monom^re soluble dans I'eau ayant la structure (11) 



CH2=CH-Y (II) 
oij Y est seiectionne k partir du groupe constitud de -COOH, 




-SO3H, et -POaH ou Rg, R7 sont independamment seiectionn^s k partir du groupe constitue de H et de groupes 
alkyles d'atomes de carbone 1 -3; 

en presence d'eau, d'un agent de reticulation multifonctionnel, et d'un humectant. 



24 



EP 0 676 457 B1 



7. Un adh^sif hydrogel selon la revendication 6 dans lequel ledit premier monom^re soluble dans I'eau est sSlectionn^ 
^ partir du groupe constitu§ d'acrylate de potassiunn-3-sulfopropyle, de m^thacrylate de potassium-3-sulfopropyle, 
de 2-carboxy6thylacrylate, de 2-sulfoethylmdthacrylate et de chlorure d'ammonium trimdthyte mdthacryloxy^thyl. 

s 8. Un adh6sif hydrogel selon I'une quelconque des revendications 6 et 7 dans lequel ledit second monom^re soluble 
dans t'eau est s^lectionnd ^ partir du groupe constitud de Tacide acrylique, de racrylamide, des acrylamides alkylds, 
du pyrrolidone vinyle, de I'acide sulfonique de vinyle et de I'acide phosphonique de vinyle. 

9. Un adh6sif hydrogel selon I'une quelconque des revendications 6^8 dans lequel ledit premier monomdre soluble 
10 dans I'eau reprdsente de 10 ^ 90 % en poids du poids total du monomdre. 

1 0. Un adh^sif hydrogel selon la revendication 6 dans lequel ledit premier monomdre soluble dans I'eau est sdlectionnd 
^ partir du groupe constitu§ d'acrylate de potasslum-3-sulfopropyle et de m^thacrylate de potassium-3-sulfopro- 
pyle, ledit second monom^re soluble dans I'eau est de i'acide acrylique, et ledit premier monom^re soluble dans 

IS I'eau repr^sente de 10 ^ 90 % en poids du poids total du monom^re. 

11 . Un adhdsif hydrogel selon la revendication 6 dans lequel ledit premier monomdre soluble dans I'eau est sdlectionnd 
k partir du groupe constitu^ d'acrylate de potassium-3-sulfopropyle et de m^thacrylate de potassium*3-sutfopro- 
pyle, et ledit second monom^re soluble dans I'eau est de I'acrylamide, et ledit premier monom^re soluble dans 

20 I'eau repr^sente de 20 ^ 70 % en poids du poids total du monomers. 

12. Un adh^sif hydrogel selon la revendication 6 dans lequel ledit premier monomere soluble dans I'eau est du 2-car- 
boxy-^thy lac ry late, ledit second monomere soluble dans I'eau est de I'acide acrylique, et ledit premier monomere 
soluble dans I'eau represente de 20 a 75 % en poids du poids total du monomere. 

25 

13. Un adhesif hydrogel selon la revendication 6 dans lequel ledit premier monomere soluble dans I'eau est du 2-car- 
boxy-ethylacrylate, ledit second monomere soluble dans I'eau est de I'acrylamide, et ledit premier monomere so- 
luble dans I'eau represente de 10 ^ 50 % en poids du poids total du monomere. 

30 14. Un procede pour f aire adherer un dispositif biomedical k la peau comprenant les etapes consistant 

a. disposer entre ledit dispositif et la peau un adhdsif hydrogel selon I'une quelconque des revendications 6 

^13;et 

35 b. appliquer une pression sur ledit dispositif pour faire adherer ledit dispositif k la peau. 

15. Un dispositif biomedical comprenant une surface adaptee pour adherer k la peau d'un patient, ladite surface dtant 
recouverte d'un adh6sif hydrogel selon I'une quelconque des revendications 6 a 13. 

40 16. Un procede pour preparer un adh6sif hydrogel comprenant la copolym6rlsation d'un premier monomere soluble 
dans I'eau ayant la structure (I) 



Ri O 

I II 

CH2 = C-C-0-R2-X (I) 



so 



ou, 



est seiectionne k partir du groupe constitue de H et de CH3; 



R2 est seiectionne k partir du groupe constitue d* un radical alkyle en chaine ramifiee ou droite d'atomes de 
carbone 2-12, d'un ester altphatique en chaine ramifiee ou droite d'atomes de carbone 5-12 et d'oxygene, et 
55 d'un radical d'ether en chaine ramifiee ou droite d'atomes de carbone 3-12 et d'oxygene; 

X est un groupe ionique seiectionne k partir du groupe constitue de SO3', COO' et 
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I 



^5 



10 ou R3, R4 et R5 sont ind^pendamment s^tectionnds k partir du groupe constitud de H et de groupes alkyles 

d'atomes de carbone 1 -4, 



avec un second monom^re soluble dans I'eau ayant la structure (II) 

CH2=CH-Y (11) 
ou Y est s6lectionn6 d partir du groupe constltud de -COOH, 



0^6 ° 

II I A 

-C-H, -hQ , 



-SO3H, et -PO3H ou Rg, R7 sont ind6pendamment s6lectlonn6s k partir du groupe constitu6 de H et de groupes 
alkyles d'atomes de carbone 1 -3, 

en presence d'un agent de reticulation multifonctlonnel par une technique de polymerisation de radical llbre. 

17. L'adhesif hydroge) selon Tune quelconque des revendlcations 7^14, comprenant en outre un Electrolyte, un agent 
neutralisant, un modificateur de viscosity et un photoamorceur. 



18. L'adhesif hydroge! selon la revendicatlon 17. dans lequel ledit electrolyte est du chlorure de potassium, ledit agent 
neutralisant est de I'hydroxyde de potassium, ledit modificateur de viscosite est un polym^re polyacrylamide, ledit 
humectant est de la glycerine, ledit agent de reticulation est du N,N'-methyienebis acrylamide dans une solution 
de propylene glycol ^ 3 %, et ledit photoamorceur est du 2-hydroxy-2-methyl-1 -phenyl-propane-1 -one. 
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FIG. 3 
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FIG. 6 
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